SUMMARY The appearance of a new, loud systolic murmur in a patient with congestive heart failure after an acute myocardial infarction suggests a surgically correctable cause of the heart failure. Using twodimensional echocardiography, we studied 14 patients who presented in this manner. Four patients had rupture of a papillary muscle with a flail mitral valve. All four had surgery; three survived. Five patients had fibrosis of the posteromedial papillary muscle. All five had surgery; three survived. Five patients had a ventricular septal defect. Three of the five had surgery; one survived. Two-dimensional echocardiography is useful in studying patients with a new systolic murmur and congestive heart failure after acute myocardial infarction to detect surgically correctable structural defects.
CONGESTIVE HEART FAILURE after acute myocardial infarction usually indicates extensive muscle necrosis not remediable by surgical intervention. By contrast, the appearance of a new, loud systolic murmur in this clinical setting suggests the possibility of a surgically correctable lesion, and further study is mandatory. Fox et al.1 stated that the exact anatomic diagnosis of a correctable early complication of myocardial infarction requires invasive study, and preliminary screening of these patients requires bedside hemodynamic monitoring. 2 The development of two-dimensional echocardiography and its application to patients with coronary artery disease gives the clinician an alternative, noninvasive bedside method of studying these critically ill patients.
Materials and Methods
During a 3-year period, 17 patients developed or were referred to our institution with congestive heart failure and a new, loud (at least grade III/VI) systolic murmur after an acute myocardial infarction (table 1) . Two-dimensional echocardiographic study was performed prospectively on 14 of these patients before invasive study. Studies were performed using either a Grumman Health Systems RT-400 or a Varian V-3000 phased-array sector scanner. Complete echocardiographic studies included the parasternal long-axis and short-axis views, the apical long-axis and fourchamber views, and the subxiphoid four-chamber view.3 Careful attention was paid to transducer position and the sector was deliberately angulated both on-axis and off-axis to evaluate the entire interventricular septum and the entire mitral valve ap-standard view. Then the transducer was angulated through an arc perpendicular to the plane of the twodimensional sector. Alternatively, once the standard view was obtained, the transducer was rotated slightly clockwise or counterclockwise. Studies were reviewed by two interpreters. Contrast studies were not performed.
All patients had invasive diagnostic studies. Twelve had surgical confirmation of the anatomic pathology.
Results

Papillary Muscle Rupture
Four patients had a rupture of a part of a papillary muscle. Each had an inferior myocardial infarction. The parasternal and apical long-axis views were most valuable in detecting the mitral valve abnormality. In each case, there was a flail anterior mitral leaflet.
During systole, the tip of the anterior mitral leaflet went beyond the posterior leaflet into the left atrium; maximal abnormal motion occurred at the tip of the leaflet with loss of systolic leaflet coaptation. The length of the anterior leaflet segment involved in the "flailing" systolic motion was unusually long (figs. lA-lD), or the tip of this segment was abnormally thick. In one patient, the posteromedial papillary muscle appeared truncated, and a definite mass was attached to the anterior leaflet ( fig. 1E) volved the insertion of the posteromedial papillary muscle in three patients. On short-axis views, motion of the posteromedial papillary muscle was reduced. On all views, the posteromedial papillary muscle appeared more dense than the anterolateral papillary muscle ( fig. 2 ).
All five patients had severe mitral insufficiency documented by left ventriculography ( appeared thin, dense, and fibrotic compared to normal myocardium. During systole, the septal aneurysm bulged into the right ventricle, and the defect widened ( fig. 3) . Motion of the mitral leaflets and papillary muscles was normal.
All five patients had a ventricular septal defect documented by right-heart oximetry, dye-dilution curves, and left ventriculography ( Papillary muscle rupture is unusual; it is a complication in 1% of acute myocardial infarctions.6 Each papillary muscle provides chordae tendineae to each leaflet. 7 The posteromedial papillary muscle is involved 2.5 times more often than the anterolateral papillary muscle. 6 Thus, as in our four patients, an inferior myocardial infarction can cause a ruptured posteromedial papillary muscle, which can produce a flail anterior mitral leaflet. We did not observe a flail posterior leaflet in any of these patients. There are a number of possible explanations. First, our population size is small. Second, the coronary distribution and site of occlusion determine the location of the infarct and the site of papillary muscle rupture. Thus, rupture of a different head of the posteromedial papillary muscle could produce a flail posterior leaflet. Third, the anatomic differences between the two leaflets, the relative sizes and the number of cordal attachments could produce greater posterior than anterior leaflet stability in the event of papillary muscle rupture.
Rupture of an entire papillary muscle is usually fatal; most patients who survive the acute event have rupture of only one or two heads of one of the papillary muscles.8 Overall, papillary muscle rupture is an unusual cause of acute mitral insufficiency9 except in the setting of an acute myocardial infarction;10 in this setting, a ruptured muscle and ruptured chordae can produce a flail mitral leaflet detectable by two-dimensional echocardiographic study.1' It may not always be possible to determine the precise site of rupture after an acute infarction. However, in our four patients, the length of the flail leaflet segment was longer and the tip of the segment thicker than usual in ruptured chordae; this suggests that part of a papillary muscle was attached to the leaflet. Furthermore, in one of these patients, the papillary muscle was truncated. Although the exact sensitivity and specificity of these findings in differentiating a ruptured papillary muscle from ruptured chordae tendineae is unknown, the clinical implications of each are similar. Recently, Wei et al.'2 suggested that a ruptured papillary muscle usually occurs with a small myocardial infarction and that early surgical intervention be considered in all of these patients. The surgical prognosis depends on the degree of left ventricular scarring. ' The acute development of irreversible papillary muscle dysfunction and severe mitral insufficiency is an unusual,9 not-well-recognized,'3 extreme form of papillary muscle dysfunction. Experimental studies indicate that papillary muscle infarction does not produce significant mitral insufficiency unless both papillary muscles or left ventricular myocardium adjacent to a single infarcted papillary muscle is also involved." Indeed, Shelburne et al." ' suggested that in humans, severe left ventricular dysfunction must coexist to produce significant valvular insufficiency. However, in some cases papillary muscle necrosis can lead to acute fibrosis, shortening, and retraction of one of the mitral leaflets into the body of the left ventricle.'0 The resulting disruption of the normal line of anterior and posterior leaflet closure could cause severe mitral insufficiency. Glancy infarctions. angiography, a hazardous procedure in these patients.
